During the last century, many semiconductor gas sensors have been presented based on various materials and technologies to detect gas components. Many of them are made to support human's life in different ways. In the last years, the number of sensors which can detect various gas species has increased dramatically especially with respect to global issues of environment and earth atmosphere, the necessity of those gas sensors which can detect air pollutants such as NO x gases in environment is felt. They are essentially required in order to control the systems of combustion exhausted from industry, stationary facilities and automobiles. So it is necessary for the scientists to design and fabricate the gas sensors which are of low cost, selective, sensitive, and accurate especially in low level concentrations of target gases, easy to process and of high recovery and response time, good electrical properties, and above all tunable structure at the nano scale. In this sense, this paper has presented various classifications of gas sensors and various semiconductor oxides for NO x detecting and their technology to convey a comprehensive idea about the semiconductor metals as well as metal oxides for NO x detecting along with their characteristics, structures etc. in order to clarify the future road map towards on the semiconductor materials for NO x detecting.
INTRODUCTION
In the last few decades, many studies have been focused on the semiconducting metal oxides which are known as effective gas sensing materials especially for NO x detecting due to their electrical conductivities which are open to change greatly with the changes of atmosphere (K. J. Choi & Jang, 2010; Comini et Nowadays, there are many efforts in global scientific community to improve the compact and inexpensive NO x gas sensors with higher response and lower operating temperature based on SnO 2 .
In 2 O 3 GAS SENSORS FOR NO x DETECTING
In 2 O 3 is an important n-type semiconductor with a wide band gap of 3.6 eV which has excellent optical and electronic properties (L.-Y. Chen, Wang, & Zhang, 2009; Gu, Nie, Han, & Wang, 2015; Yang et al., 2014) . In the past decades, the global scientific community have widely investigated on Indium oxides due to their promising electronic and optical properties and extensive application in electro-optical modulators, solar cells, low windows, gas sensors, optoelectronic devices, flat panel display materials, light-emitting diodes, etc. (C. Wang, Chen, & Jiao, 2009) In addition, In 2 O 3 is useful for these devices because of its high electric conductance, high transparency in the visible part of spectrum and strong interaction with certain gas molecules (A. O. AE. M. Z. AE, 2009). In particular, the gas sensors have extensively applied Indium oxides due to its suitable performance in NO x detecting (B.-J. Kim, Song, & Kim, 2014) , in addition to NH 3 (Qi et al., 2014) , O3 (Ivanovskaya, Gurlo, & Bogdanov, 2001) and CO (H. Kim et al., 2015) . In the last years the various morphologies and sizes of Indium oxide nanostructures have been developed, such as nanotubes (An et al., 2013a) , Nano-towers (Comini, Galstyan, Faglia, Bontempi, & Sberveglieri, 2015) , Nano-flowers (X. Hu et al., 2015) and etc. In the chart below, there are some In 2 O 3 gas sensors for NO x detecting. There are several problems in the SnO 2 gas sensors; one of the most important one is the simultaneous sensitivity to many gases (Morrison, 1982; Van Geloven, Honore, Roggen, Leppavuori, & Rantala, 1991) . When the commercial semiconductor gas sensors are present in the environment, they often give an undesired signal with an inert gas in the environment. Current gas sensors also don't have long-term stability, they work in approximately high operating temperature and their sensitivity reduces over the time with their microstructural changes. They also have long recovery and response times. In addition to their resistance, they are not reproducible. These problems cause the requirement of better design of sensor materials which their microstructure and composition have superior long-term stability and electronic and chemical reactivity.
Adding a secondary component as dopant or surface additive can dam the SnO 2 grain growth at calcination temperature 700 °C and improve the performance of SnO 2 gas sensors, especially for reducing gases (N.-L. Wu, Wang, & Rusakova, 1999; C. Xu, Tamaki, Miura, & Yamazoe, 1991) . The indium oxide is an excellent candidate due to its suitable sensitivity for detection of oxidizing gases such as O 3 and NO x (Gurlo et al., 1997) . A system with the potential for tunable selectivity and sensitivity for different gases can be made with the nanocomposite which is made with the combination of SnO 2 and In 2 O 3 . The excellent thermal stability which is demanded for reproducible and long-term gas sensing performance can be made with the nanocrystals of the different oxide components which suppress grain growth. The SnO 2 -In 2 O 3 nanocomposites exhibit excellent selectivity and sensitivity for the detection of parts per million levels of both reducing gases CO and oxidizing gases (NO x ) by means of the corporation of surface additives and dopants.
The combination of SnO 2 and In 2 O 3 is also called ITO. The heavily doped n-type ITOs have the high band gap (~3.7eV) and low electrical resistivity are well-known the transparent conducting oxide (TCO) (Kerkache et al., 2010; Terzini, Thilakan, & Minarini, 2000) . The ITO is transparent but bulk form which can change color. The high conductivity of ITOs cause their metal like behavior and the ITO films show high reflectivity in the near infrared region. The lowest possible electrical resistivity and the optimized highest transparency in the visible range must be achieved in the ITO's films. The process of ITOs critically influence their optical and electrical properties. Adjusting the deposition conditions can vary the conductivity and transparency of wide band gap and highly degenerate oxide semiconductor films. The key issue for achieving the best performance of gas sensors is the ability of depositing the transparent and highly conductive ITO film. The larger opacity and light absorption of ITO films can make large conductivity in an ITO film. Thus an optimized performance is the goal of an effective application of gas sensor fabrication.
ITO CRYSTAL STRUCTURE
To form the bixbyite structure, the In 2 O 3 should be crystallized (Galasso, 1970 ). The density is 7.12 g/cm3 and the lattice parameter is 1.0117 nm. The 16 formula units of In 2 O 3 build one usual unit cell which yield a fluorite-related superstructure where one fourth of the oxygen anions located along the four<111>axes are missing. The cations of In are located in two non-equivalent cube (Fig.3 (Nadaud, Lequeux, Nanot, Jove, & Roisnel, 1998) The substitution doping of indium oxide with Sn which replaces the In 3+ atoms from cubic bixbyite structure of In 2 O 3 form the ITO (Nadaud et al., 1998; N. Yamada, Yasui, Li, & Nomura, 1999) .
ELECTRICAL PROPERTIES OF ITO FILMS
The free carrier density n e , electrical conductivity σ or resistivity ρ e in the films and carrier mobility µ can characterize the electrical properties of ITO films. The related equation is:
Where e is electron charge.
There is free carrier mobility scattering mechanism in ITO films which is used as transparent electrodes, it is essential to make a tradeoff between optical transmittance and electrical conductivity. Increasing the carrier concentration or the mobility reduces the resistivity. But increasing the former increases the visible absorption. Therefore to achieve the optical and electrical properties in ITO films, the mobility should increase. The equation of free carrier mobility µ is:
Where me ff is the effective electron mass in conduction band, and τ is the average collision time of electrons. There are many parameters that may affect the mobility, such as neutral impurity scattering, acoustical phonon scattering, external surface scattering, and grain boundary, defect lattice scattering, etc. The mentioned scattering has different role in ITO films. The scattering which is resulted from the structural disorder in the ITO films with good crystallinity can be overlooked because there is no important temperature dependency between 100°C to 500°C (Tahar, Ban, Ohya, & Takahashi, 1998) . The scattering which is caused by acoustical phonons is little important in ITO films.
The grain boundaries work as sites for impurity diffusion and these sits work as scattering centers for carriers. However the mean free path of electrons is smaller than the crystallite size in the heavily degenerated semiconductor (Weijtens, 1990a) , So at high electron densities the grain boundary scattering might be unimportant. When the carrier density is below 7×1020 cm-3, the grain boundary scattering can determine the mobility (Weijtens, 1990b) . In addition to, if the mean free path is comparable to the film thickness, the surface scattering can influence the free carrier's mobility. The remarkable increasing of the grain boundary potential may cause the predominant grain boundary scattering for polycrystalline materials at very high carrier concentration (>1×1020 cm-3) (Knickerbocker & Kulkarni, 1996) . It is reported that the neutral scatter center density enhances with Sn concentration (Frank & Köstlin, 1982) . A semiconductor material with an indirect band gap of about 2.6 eV and a direct band gap of about 3.75 eV build a band structure of In 2 O 3 (Weiher & Ley, 1966) . The electric structure near the band gap dominates the materials' optoelectronic properties. The theory of In 2 O 3 explains the band structure of ITOs. Some scientists have investigated the electric structure of ITO films and In 2 O 3 (J. C. Fan, Bachner, & Foley, 1977 ). ITO's crystal structure hasn't discovered clearly up to now because it is complicated. Base on the theoretical calculation on electronic structure of ITO can be explained that the shape of the states around the bottom's conduction band isn't significantly destroyed by the substitution of Sn atom. There is the same s-like symmetry at only impurity band as that of conduction band. Therefore, the concentration of substitution Sn is almost independent of the parabolic shape for both conduction band and valence band around the band gap.
Several models are reported to model the band gap transitions in In 2 O 3 or in ITO. There are direct allowed transitions in all of them. The minimum of conduction band is reported at k=0 or k>0 (Hamberg & Granqvist, 1986) . It is reported that for the gradual absorption's onset an indirect forbidden transitions or an Urbach tail are considered (C. H. L. Weijtens, 1990 ). It is reported that the indirect transition is more suitable to reflectance data and ellipsometry than the Urbach tail (C. H. L. Weijtens, 1990 ). The parabolic band structure is for un-doped In 2 O 3 in the direct transition model. The fermi energy is in the middle of the band gap in the un-doped In 2 O 3 . The conduction band is empty. With applying a low density of donor atoms, donor states are created under the conduction band and the fermi energy is located between the conduction band minimum and donor level. At a certain critical density n c , the donor state merge with the conduction band for the enhanced donor density. It is reported to be 2.3×1019 cm -3 (Hamberg & Granqvist, 1986) . The free electron properties are expected for the material when n e >n c . The band gap for the intrinsic direct semiconductor is 3.75 eV (Klabunde, 1986) .
Fig.4.
The un-doped indium oxide's parabolic band structure and the influence of Sn doping in ITO films, as the free carrier density enhances, the fundamental adsorption edge shifts towards high energy. The widening of the band gap is known as Burstein-Moss shift (BM) (Burstein, 1954 
ZnO GAS SENSORS FOR NO x DETECTING
A well-known and widely applied material for NO x detecting is also ZnO (Devi, Hyodo, Shimizu, & Egashira, 2002) . The scientific community have been widely investigated on ZnO materials due to its optoelectronic, acoustoelectronic, piezoelectric, and sensoric properties (Barreca et al., 2011; Carney, Yoo, & Akbar, 2005; H. Chen et al., 2012; Della Gaspera et al., 2010; Gong, Li, Hu, Zhou, & Deng, 2010) . Fan, Srivastava, & Dravid, 2010) , Nano-belts (Sadek, Wlodarski, Kalantar-Zadeh, & Choopun, 2005) , Nano-needles (Pawar, Lee, Patil, & Lee, 2013) , Nano-prism (Hjiri, El Mir, Leonardi, Donato, & Neri, 2013) , nanotubes (J. Wang, Sun, Yang, & Wu, 2009 ), Nano/micro-flowers (Bai, Guo, et al., 2013; Rai, Raj, Ko, Park, & Yu, 2013) , quantum dots (Bai, Hu, et al., 2011; D. Li et al., 2012; Shouli et al., 2011) , nanoparticles (F. Fan et al., 2013; Jun et al., 2009; Kolekar, Bandgar, Shirguppikar, & Ganachari, 2013; , Nano/microspheres (J. Zhang, S. Wang, Y. Wang, M. Xu, et al., 2009 ), Nano-films, plates and sheets (Bai, Sun, et al., 2013; Chougule, Sen, & Patil, 2012; , Nano-pyramids (Ahmad, Chang, Ahmad, Waclawik, & Wlodarski, 2013) and nanotetrapods (Calestani et al., 2010) . These previous materials have been widely investigated and applied for gas sensing which are operating under the operating condition such as high electron mobility, high-specific surface area, non-toxic nature, good thermal and chemical stability (Hackenberg et al., 2013; Xie, He, Irwin, Jin, & Shi, 2011) .
For understanding the ZnO gas sensors for NO x detecting, it is essential to know how the structure and mechanism of ZnO gas sensor is. In the following section the structure and mechanism of ZnO gas sensors is presented.
THE STRUCTURE AND MECHANISM OF ZnO GAS SENSORS
This fact is presented by Yamazoe (N. Yamazoe, 1991 ) that the gas sensors consist of two fundamental functions. There are transducer and receptor functions. The receptor recognizes the chemical substances (Kumar, Kumar, & Umar, 2014) . (Fig.5) As a general property of polar surfaces, it can be mentioned that as the repeating units of the crystal structure are perpendicular to the c-axis, a dipole moment which is exhibited the Madelung energy diverges at these surfaces fir an ideal bulk truncation. Therefore such bulk truncated surfaces can't be stable. The polar [0001] and the [0001ˉ] surfaces are the most common orientation of ZnO, in spite of this instability. To achieve the stable polar surfaces, the additional negative and positive charges should be added. A convergence of the Madelung energy can be achieved by these existing efficient stabilization mechanism of these surfaces. By the way the gas sensing properties of ZnO may be affected by these stabilization mechanisms (Bagus, Illas, Pacchioni, & Parmigiani, 1999; Chevtchenko et al., 2006; Dulub, Diebold, & Kresse, 2003; Kresse, Dulub, & Diebold, 2003; Lahiri, Senanayake, & Batzill, 2008; Önsten et al., 2010) . The electrons are current carrier for ZnO because it is an n-type semiconductor. An electron-depleted space charge layer is created on the ZnO nanoparticles' surface by the adsorption of molecular and atomic oxygen which is a remarkable characteristic of receptor function. This adsorbed oxygen also can determines the surface potential barrier height, surface charge layer thickness, surface charge and Debye length (Kunat, Becker, Burghaus, & Wöll, 2002; Meyer & Marx, 2003; Valtiner et al., 2010) . The gas response and selectivity of ZnO gas sensors are influenced by these parameters. 
Fig
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from the investigations which are conducted on the surface properties of the polar surfaces that the chemisorption of molecules which is affected by differences in the chemical properties of the two polar surfaces, has an important position in gas sensing of such sensors.
It is reported that the crystal defects of ZnO influence the gas sensing performance of such sensors (Y. ). The size and morphology of ZnO strongly influence its gas sensing performance (C. Li et al., 2007) . Now the second function is mentioned, viz. The interaction of analyte gas and the ZnO nanoparticles affects the transducer function. Either neck interaction or grain-boundary may be two types of important interactions. As far as the grain-boundary contacts are considered, the movement of the electrons occurs for each boundary across the surface potential barrier. So the height of barrier is changed and as a result the sensor material's electric resistance is changed (Ihokura, 1983) . But the gas sensors and resistance are independent ( Fig.6.a, b) .
As a result of the space-charge layer, the electrons transfer happens through channels at each neck. The neck size control the channel width, so the material resistance changes with the width's change (Mitsudo, 1980) (Fig.6. c, d ). The decrease of the particle size force the mobile charge carriers deplete the sensor material and therefore just the space-charge layer dominates. All over the interconnected particles, the energy bands become flat. So, the inter-crystallite charge transport has any important barrier. 
WO 3 GAS SENSORS FOR NO x DETECTING
Tungsten oxide is one of the most well-known and most researched materials for gas sensing (Akiyama, Tamaki, Miura, & Yamazoe, 1991) . The high response of WO 3 for NO x detecting makes it valuable for commercial applications because it is necessary for monitor process or exhausted gases and detecting pollution in automotive and industrial applications (C. Cantalini, 1996; ). To enhance the sensitivity towards NO x gases, the Au and carbon nanotubes are added to WO 3 layers (Balázsi, Sedlácková, Llobet, & Ionescu, 2008; Hashishin & Tamaki, 2008; Ionescu et al., 2005; R.-J. Wu, Chang, Tsai, & Wu, 2009 ). The high temperature evaporation, hydrothermal reaction, precipitation electrochemical methods are used to synthesize Nano-structural WO 3 such as nanotubes (Zhao & Miyauchi, 2008) , Nano rods (Y. S. Kim et al., 2005) , nanowires (Polleux et al., 2006) , Nano-flakes (Z. Liu et al., 2008) , Nano trees (Shibuya & Miyauchi, 2009 ) and etc.
SYNTHESIS OF WO 3
There are many methods for synthesizing of WO 3 such as chemical vapor deposition (Vernardou et al., 2012; , thermal evaporation (El-Nahass, Saadeldin, Ali, & Zaghllol, 2015; Usta, Kahraman, Bayansal, & Çetinkara, 2012) , hydrothermal method (Kondalkar et al., 2014; Zheng, Zhang, & Guo, 2013) , template assisted growth (Luévano-Hipólito, Martínez-de la Cruz, Yu, & Brouwers, 2014; J. and etc. To achieve WO 3 with different morphologies, there are some parameters for each methods. For example in the hydrothermal method, the reaction temperature (R. Huang, Shen, Zhao, & Yan, 2012 ), PH value (Zheng et al., 2013 and reaction time (Hassani, Marzbanrad, Zamani, & Raissi, 2011; Peng et al., 2012) can be changed to regulate the reaction. According to dimensionality the tungsten oxide divided to five classification which would be presented in the following parts.
0-D STRUCTURES
The 0-D structures are made from the isotopic growth and finally form spherical and near-spherical structures. Recently it is reported that an aqueous solution process is used to synthesis the WO 3 nanoparticles which are spherical and their diameters are between 10 nm to 30 nm (Shukla, Chaudhary, Umar, Chaudhary, & Mehta, 2014) . But the specific surface area of such nanoparticles can be decreased because they agglomerated. Compared to this, it is reported that the hydrothermal method was used to synthesized WO 3 microspheres (Y. Zhang, He, Zhao, & Li, 2013) . As can be seen in Fig.7 , there is more 
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uniformity and better dispersion in such microspheres. Although the 0-D structures play a critical role in the structure system, they are the simplest. Accordingly, two aspects of the 0-D structures are important. From one aspect, for modulating of other structures for any structure which used isotropic growth in the initial stage, the deep understanding of 0-D structures is essential and from other aspect, the 0-D structures have less factors which simplifies the research. Thus, a special regard to this structure is demanded. 
1-D STRUCTURES
When a dimensionality is relatively longer than other two dimensionalities, the 1-D structures are constructed. The 1-D structures have a large length diameter ratio. The 1-D structure is one well-known structure among other structures due to its unique features, specifically particular electron flow in the limited dimensionality. The major problem of this structure is that it has only a length in the micron magnitude (K. Huang & Zhang, 2012; K. Huang, Zhang, Yang, & He, 2010; Kozan, Thangala, Bogale, Mengüç, & Sunkara, 2008; . Because the size of the most devices is at least in the millimeter range, the 1-D structures can't fit this size; therefore, the 1-D structures must be connected. The utility of 1-D structures becomes less worthwhile because its electron flow loses the feature in the joint. To solve this problem, the ultra-long 1-D structures are demanded. The surfaces of polyhedrons are unstable during the reactions, and there is tendency to go the low energy surfaces because these surfaces have a relatively high energy. But there is a different formation of atoms in these high energy surfaces which has never been discovered before, which may cause a new property. Now in the below table, some WO 3 gas sensors for NO x detecting are presented. 
MIXED METAL OXIDES FOR NO x DETECTING
In the previous sections ITO structure as a mixed metal oxides for gas sensing had individually discussed due to its high importance. Now in this section other mixed metal oxides for NO x detecting will be discussed.
In the previous sections, it was discussed that the metal oxides can sense the NO x gases. Moreover, it is believed that the mixture of two metal oxides can change the electrical property of sensors and their sensing performance. Nowadays, the science community focuses on investigation of different combination of metal oxides in order to achieve fine tune of response time and selectivity of gas sensors (Bai et al., 2010; Barsan, Schweizer-Berberich, & Göpel, 1999; I. Chen et al., 2010; Comini et al., 2002; Ferro et al., 2005; Galatsis et al., 2002; I.-S. Hwang et al., 2010; Jiao, Wu, Qin, et al., 2003; D.-S. Lee, Han, Lee, Huh, & Lee, 2000; Liangyuan et al., 2008; Lin, Fang, Lin, Tunney, & Ho, 2010; Geyu Lu et al., 2012; J.-A. Park et al., 2010; Sharma, Tomar, & Gupta, 2012; Vijayalakshmi et al., 2011; Shiyou Xu & Shi, 2009; Yoon & Kim, 2011) .
Because of the chemical stability and high gas response of SnO 2 with WO3 (Sharma et al., 2012; Yoon & Kim, 2011) and ZnO (S.-W. Choi, Park, & Kim, 2009; I.-S. Hwang et al., 2010; Liangyuan et al., 2008; Geyu Lu et al., 2012; J.-A. Park et al., 2010) towards NO x gases, they can be mixed together. It is reported that, for example, the response of sensor of ZnO-SnO 2 core-shell nanowires toward NO 2 can be enhanced up to 33 times compared to pure ZnO nanowires at 200•C and the limit of threshold detection decrease to 15 ppb at 200•C and 138 ppb at 300•C (I.-S. Hwang et al., 2010) . It is reported that the response of sensor which is made from the composite of SnO 2 and WO 3 with using the controlled sol-precipitation method has a great increase compared to pristine WO I t is reported that the pulsed laser deposition (PLD) and electrospinning techniques are used to made a SnO 2 -coated ZnO nanofibers (J.-A. Park et al., 2010) , as shown in Fig.12 . This composite nanofibers can detect NO 2 concentrations as low as 400 ppb at 200 •C which enhance the sensor response in comparison to pure ZnO nanofibers. Moreover, it is demonstrated that the atomic layer deposition of ZnO shells on electro-spun SnO2 nanofibers is used to fabricate the ZnO-coated SnO2 nanofibers which has suitable properties of NO x sensing. There is low interface barrier thereupon easy charge transfer between SnO 2 and ZnO due to the close similarity in their work function (3.6 eV for SnO 2 and 3.4 eV for ZnO), hence SnO 2 -ZnO is a suitable composition for NO x detecting.
To Put it in a nutshell, there is a long road ahead of the scientific community to investigate and understand in order to design better NO x sensing materials because of its difficulty to achive exact natural electrical and chemical changes which are happened when they are exposed to the NO x gasses. (Fleischer, Seth, Kohl, & Meixner, 1996) 22 CdO-ZnO Thin Film spray pyrolysis 100-330 3-300 (ppm) --- (Ferro et al., 2005) OTHER MATERIALS FOR NO x DETECTING Up to this section some kinds of materials are presented, but many attempts are done on the other oxides to detect low concentration of NO x gases up to now, which involve phthalocyanine coupled with SAW devices, nanotubes and high temperature superconducting oxides. The semiconductor gas sensors must often be of low cost and have high stability in all environments. The disadvantages of the sensors which are their resistances change with gas absorption over their surfaces include: 1) the interference with other gases and 2) their working temperatures which are hundreds degrees. Accordingly, more work on the sensitive and stable sensors which operate at room temperature is needed.
It is reported that the low temperature annealing was used on CuPc films to investigate the transformation of sensing film's structure which is happened during the time of gas sensing (Y.-L. Lee & Chang, 2006) . It is presented that the doping time of NO 2 and heat annealing influence the sensing characteristics of copper phthalocyanine films at 100 °C. The sensitivity toward NO 2 and resistance of the films decrease due to their structure transformation. The original resistance of CuPc films can not recover completely after the NO 2 doping stage.
One of the other new fields in the NO x sensing studies is fabrication of carbon nanotubes (CNT). CNT is a valuable material which has unique properties such as mechanical strength, high electrical conductivity, high aspect ratio, high adsorption ability and wide surface area. An effective method for NO x detecting is reported which is made in single wall carbon nanotubes (Ueda et al., 2008) . The response of Al/CNT sensor toward NO 2 gas sensor has large and fast resistance which enhances as soon as the NO 2 exposure. But the other metal/CNT sensors' resistance reduce at the exposure of NO 2 gas (Suehiro et al., 2006) . It is considered that the NO 2 molecules which are adsorbed may change the Schottky barrier at the Al/CNT interface. The CNT resistance with the Schottky contact resistance can construct the response of Al/CNT sensor which the adsorption of NO 2 affects it. The Schottky response of the Al/CNT sensor is nearly faster than the CNT response which is used the other metal electrodes (W.-S. .
CONCLUSION
This paper presents an intensive review of nitrogen oxide and dioxide sensitive materials for NO x detecting. At first, the necessity of NO x detecting was presented, and after that the classifications of NO x gas sensors were presented. In the other sections the NO x sensing oxides, their structures and characteristics were presented such as tin dioxide, In 2 O 3 , ITO, zinc oxide, tungsten oxide, mixed metal oxides, and other metal oxides for NO x detecting.
There is a long road ahead of the scientific community to investigate on achieving the ideal NO x sensors which have several parameters such as low cross sensitivity, high gas response, reliability, fast response and recovery time, repeatability and etc. But this investigation still demands a mainly trial-and-error approach, because some structural parameters must be considered such as size, surface accessibility, nature of the surface and etc.
In sum, it is considered that the metal oxides make the best choice of NO x sensing materials to fabricate low power, low cost, fast responsive and highly sensitive future NO x sensors. So the understanding of some physical happening such as temperature based or induced changes, adsorption/desorption behavior and structural influences on sensing properties might become the targets of investigations of researches. In addition to, the developments of metal oxides or compositions of metals or metal oxides for NO x detecting are expected to improve the performance of NO x sensors in the future.
